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Dominance ratio between phytoplankton taxonomic 
groups
Indices based on 
ratios 
among numbers of 
species of different 
algal groups
Thunmark (1945)
chlorococcales/desmids ratio
<1 = oligotrophy
>1 = eutrophy
Nygaard (1949)
Many indices based on 
ratios between families 
and/or orders 
Stockner (1971)
Algal quotient
Araphidineae/Centrales
0.0 -1.0 = oligotrophy
1.0 - 2.0 = mesotrophy
> 2.0 = eutrophy
Catalan (2003)
Biovolume ratio 
between groups 
variously dominant 
across a trophic 
gradient
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Morpho-functional classification
Reynolds (1984-2002)
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EU-FP7 2009-2012
Water bodies in Europe:
Integrative Systems to assess Ecological status 
and Recovery
Deliverable D3.1-1: Report on phytoplankton 
composition metrics, including a common metric 
approach for use in intercalibration by all GIGs
Functional traits metric
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Rationale background for functional 
traits metric
• Morphology and functions of a phytoplankton cell are strictly related 
in determining the role of the organisms in the environment and in 
shaping the structure of a phytoplankton assemblage.
• Phytoplankton cell size is a key feature in the ecological 
relationships, being related to the efficiency of many eco-
physiological processes.
• Following the dimensional approach, a phytoplankton assemblage 
can be described in terms of size spectra: the use of size spectra in 
describing the response of a phytoplankton assemblage to 
environmental gradients has been proven to be a valid instrument.
• The use of simple morphological traits has been proven to be 
successful in describing a phytoplankton succession in 
environments with different characteristics (Salmaso & Padisak, 
2007).
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Approach - Selection of size classes
The classification is done by 
dividing the cells in a certain 
number of size classes, created 
by doubling the cell volume, i.e., 
by standard increments of the 
cell size logarithm. In the 
example, the size classes are 
≤0.5 μm3, followed by 0.5-1, 1-
2, 2-4 μm3, etc. Each of them is 
indicated by the notation VX, 
where V means Volume and X 
is the upper limit of the size 
class expressed as logV. A total 
number of 19 size classes were 
obtained, from V-0.3 to V5.1.
See Kamenir & Morabito, 2009, J.Limnol. 
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Approach – Selection of MF Groups
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Approach - Calculation of the trophic index
1. Calculation of total BV per size class or MFG as sum of 
species BV.
2. Transformation in percentage and in double square root of 
percentage BV.
3. Calculation of trophic scores for each size class/MFG using 
TP values as weights.
4. Calculation of indicator values for each size classes/MFG.
5. Calculation of trophic index (weighted average of trophic 
scores and indicator values of each size class/MFG).
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• WISER Database: >5600 lakes
• Focus on lowland and shallow or very shallow lakes. Lakes with 
only one sample in the period Jun-Sep were discarded.  
• After applying the above criteria, 229 lakes were selected: CBGIG – 
119, NGIG – 80, MGIG – 30. 
Data set
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•A calibration dataset was 
used for calculating the trophic 
scores. This was composed 
of 78 lakes, belonging to CB and 
N GIGs: the lakes selected 
provide a good covering of the 
trophic spectrum.
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Response to TP gradient – Size classes
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Response to TP gradient – MFG
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Response to TP gradient – Size and MFG 
Index
SPI-CB = 0.023LogTP + 1.569; R2 = 0.229; p<0.0001; n=122 
SPI-N = 0.0239LogTP + 1.559; R2 = 0.342; p<0.0001; n=77
SPI-M = 0.019LogTP + 1.559; R2 = 0.185; p<0.02; n = 29
y = 0.0256x + 1.5602
R2 = 0.3555
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MFGI-CB = 0.0333LogTP + 1.581; R2 = 0.3345; p<0.0001; n=122 
MFGI-N = 0.0221LogTP + 1.579; R2 = 0.0496; p<0.05; n=77
MFGI-M = 0.0443LogTP + 1.548; R2 = 0.384; p<0.001; n = 29
y = 0.04x + 1.5648
R2 = 0.3512
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Response to TP gradient – Combined Index
MFGI-CB = 0.028LogTP + 1.575; R2 = 0.389; p<0.0001; n=122 
MFGI-N = 0.025LogTP + 1.566; R2 = 0.225; p<0.0001; n=77
MFGI-M = 0.031LogTP + 1.554; R2 = 0.496; p<0.0001; n = 29
y = 0.0337x + 1.5612
R2 = 0.4908
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1. Median of reference lakes 
= reference value
2. 90% quantile = H/G 
threshold
3. 90% quantile of TP class 
13-23 µg l-1 = G/M 
threshold
4. 90% quantile of TP class 
53-75 µg l-1  = P/B 
threshold
5. M/P threshold obtained 
from regression between 
threshold values and 
norm EQR
Calculation of thresholds and EQR
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1) single celled, 
2) non-filamentous colonial taxa,
3) filamentous colonial taxa,
4) presence of flagella,
5) mixotrophy, 
6) size larger than 40 µm, 
7) nitrogen fixers, 
8) silicified taxa, 
9) vacuolated taxa
Data set=831 
lakes
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1. Which traits are selected under certain environmental 
conditions? 
2. Is the response the result of the environmental 
heterogeneity? 
3. Is there any relationship with geographic distribution of 
the lakes? 
4. Do lakes/lake types with higher environmental patchiness 
offer more ecological niches and host an higher number 
of functional traits? 
5. Which traits give the better response to eutrophication 
pressure (considering the needs of the WFD)?
Open questions
Workshop “Research as a tool for 
freshwater management”
Expo Aquae Venezia, September 8th, 
2015
24
Taxonomy  is  not  a  good  indicator  of 
ecological  diversity,  because  the  functional 
role  of  the  species  is  not  explicitely 
established.
Graham P. Harris, 1984
